With the development of automotive, aerospace and biomedical industry, there is higher demand for exotic alloys, often based on titanium or nickel, though they are hard to machine. Therefore, it is essential to thoroughly understand their behavior during machining. Processes in the cutting zone of said materials are due to the complexity and dynamics defined by specific models. These include some deviations, thus it is essential to improve machining observation methodology, so exhibited errors and deviations are minimal or none. Based on the observations, multifunction measuring system has been designed, which allows simultaneous observation of characteristics such as e.g. cutting forces, deformations and thermal spread without uninterrupting machining process.
INTRODUCTION
The system (Figure 1 ) used for measuring and observation processes in the cutting zone consists of a high-speed imaging camcorder, thermo-vision system and dynamometer for measuring the cutting force components. Besides these sub-devices there is laboratory cold light for the lighting of the studied area and a computer for synchronising all the measured data. This system was designed for a SUI-40 universal lathe, but the construction of a stand guarantees some compatibility of the measuring system with other types of machine. 1 -chuck; 2 -sample; 3 -cold light; 4 -high-speed imaging camcorder, 5 -thermo-vision system; 6 -dynamometer with tool; 7 -macro-stand The high-speed imaging camcorder Fujifilm (with 1000fps) was used in all experiments. For detailed study, we used the macro conversion lens Raynox MSN-202 with 20x magnification. The dimensions of the area captured are 4 mm x 3 mm.
Figure 1 Multifunction measuring system
Thermal field in the cutting zone and heat distribution during machining was measured by a MobIR M8 thermo-graphic camera. This compact camera allows temperatures up to 1200°C to be measured with a tolerance of ±2°C. Special optics with deflected lens allows the camera to be placed outside of the perpendicular on scanned objects [4] .
Measuring of cutting force components is provided by a KISTLER 9441 dynamometer, which allows the measurement of the three components of the cutting force.
For correct mounting and manipulation, a macrostand illustrated in Figure 2 was designed for mounting on the lathe support, in order to ensure the simultaneous motion of the camera with the cutting tool. 2 EXPERIMENTS CONDITIONS Material. Titanium alloys are popular materials, whenever strong and lightweight construction is required. Due to their biocompatibility they are used in biomedicine and the health industry. Due to their mechanical and chemical properties they are included in hardmachined materials. [5] Cutting conditions were chosen with respect to real cutting conditions used in practice (see the legend of Fig.  3 ). All experiments were performed without coolant, because it would prevent the scanning by the thermographic camera. [5] Free cutting was chosen to approach as much as possible the area of the cutting zone, and to ensure the departure of chips in the opposite direction of the action of the cutting tool [1].
EVALUATION OF THE EXPERIMENTS
Measurements were conducted under various cutting conditions. As we can see, the force Ff increased with an increasing feed, and conversely force Fc decreased with increasing cutting speed. It can be deduced from the measured data that the behaviour of titanium alloy is similar to the machining of steel, but with a higher ratio of the cutting force components considering the mechanical properties of this alloy.
Figure 4 -Magnified image sequences as output from high-speed imaging camcorder: in top line continuous cutting, in bottom line discontinuous cutting with slot
Records, in the form of a high-speed movie and image sequences (illustrated in Figure 4 ) from which the creation, shape of the chips and deformations in the cutting zone during machining were evaluated, were made from the monitoring of the cutting zone with the high-speed imaging camcorder. ; vc=70m.min-1; f=0,21mm; ap=6m; machine: univ. lathe SUI-40; cutting tool: holder STFCL 2525M, insert TCMW 16-160700 
Figure 5d Selected captured frame from video output of multifunction measuring system Figure 3 -Static values of components of cutting force under various cutting conditions
In the top line the creation of the chips is shown, we can see that the chip was long and continuous, with a tendency to form a flat ribbon. It can be concluded that these shapes are not desirable under the given cutting conditions, and it is recommended to change the cutting conditions or to use another type of cutting insert and chip shaper. [7] The data (Figure 5a,b,c,d ) obtained from each process in the experiments have direct relationships with each other, because they were obtained simultaneously for one cutting process.
When turning titanium alloy, there were vibrations in the first moments of the cutting tool entering the material, which were shown as high force shocks of force Ff. Due to the influence of these vibrations the short chip was formed. After stabilisation of cutting process, we can see that a tangled coiled or long ribbon chip was formed. Thermographs show the distribution of heat, and how the chip was part of technological system which led to most of the heat generation.
Conclusion
Designed multifunction measuring system for the monitoring of processes in the cutting zone allows the observation of the deformations, temperature field, formation and shape of the chip, directly during the cutting process, without abortion. We can evaluate the measured data for the specific dependences which exist between them.
Forces, which act in the process, change depending on the cutting conditions, structure and mechanical properties of the machined material.
Deformation processes, which are in cutting zone during machining, run at high speed. During normal observation with the naked eye or by microscope alone, these processes are not identifiable. Detailed observation is possible using a high-speed imaging camcorder. In this way we can not only observe the deformation processes, but also the creation and formation of the chip.
With the multifunction measuring system we can better intensify the machining process, cutting conditions and so improve the quality of the products. We can reduce the cost, because this system allows simultaneous measurement. Based on the observations of the deformation processes in the cutting zone and the creation and formation of the chip, we can also optimise the shape of the cutting inserts. 
